The time around calving in highly productive dairy cows is a critical period in terms of their metabolism, which is connected with high demands of the foetus as well as with the onset of lactation. Retained placenta in cows may have multifactorial aetiology, but in herds which are free from infectious diseases, the most important reasons are; periparturient metabolic changes and disturbances to the internal balance and stress. During the periparturient period, the most important factor causing immune suppression and hypotony of uterus in cows is metabolic stress due to hormonal and nutritional factors, including metabolic fluctuations, negative energy balance, as well as shortage of proteins, minerals, vitamins and antioxidants. This metabolic stress as a result of an imbalance in the internal metabolic homeostasis activates the hypothalamicpituitary-adrenocortical axis (HPA) and increases serum corticosterid (cortisol) concentration, especially on the day of calving. Cortisol is a powerful immune suppressive factor that causes depression of leukocyte proliferation and their functions. The periparturient metabolic stress may also stimulate the production of catecholamines, especially adrenalin. Elevated levels of adrenalin activate adrenoreceptors of the myometrium, which in turn cause hypotony or atony of the uterus at calving in cows. Elevated levels of cortisol and adrenalin may significantly inhibit the rejection and expulsion of foetal membranes in cows, resulting in an increased incidence of their retention. These important mechanisms for placental retention in highly productive dairy cows often have primary nutritional metabolic aetiology, but they also occur during secondary metabolic disturbances and metabolic stress during calving. This metabolic and immunological aetiology and pathogenesis of retained placenta usually occur in highly productive periparturient cows on dairy farms in the absence of bovine infectious diseases, which can couse placentitis, stillbirth and the infectious origin of foetal membrane retention. The paper presents the most important metabolic, mineral and immunological disturbances as conditions for retained placenta in dairy cows. It also shows different methods of herd monitoring, important examples of clinical and laboratory diagnostics, and methods of nutritional and veterinary prevention of this health problem in dairy cows.
a mature foetus, and the onset of lactation (LeBlanc et al. 2004; Mee 2004; Spears and Weiss 2008; Wathers et al. 2013; Esposito et al. 2014) . By stimulating the production of the corticotrophic releasing hormone (CRH) and the adrenocorticotrophic releasing hormone (ACTH), this metabolic stress activates the hypothalamic-pituitary axis (HPA) and as a consequence increases the plasma cortisol level from its mean baseline concentrations around 5 ng/ml to 10-20 ng/ml observed in different metabolic disturbances by Mormede et al. (2007) , and even more (5-7 × increase) in hypocalcaemic cows as reported by Horst and Jorgensen (1982) . Also newer publications show a novel hypothesis for immune-mediated aetiology of mineral disturbances observed especially during hypocalcaemia -milk fever in dairy cows (Kimura et al. 2006; Gray et al. 2007 ). Cortisol is a powerful immune-suppressive factor that reduces the leukocyte proliferation and fundamental functions, and does not allow for the normal, efficient maternal immune recognition and rejection of foetal membranes with trophoblast cells as an allogeneic tissue for cows (Davies et al. 2004 ). The important relationship between neutrophil functions and periparturient disorders in cows was also shown by other researchers Cai (2002) . During periparturient stress, production of catecholamines, especially adrenaline, is elevated. For example, the mean concentration of adrenaline in periparturient heat-stressed cows was determined to be around 80 pg/ml, whereas in thermo-neutral cows, its mean level was observed to be around 60 pg/ml (Lamp et al. 2015) . Adrenaline stimulation of myometrial adrenoreceptors causes hypotony or atony of the uterus and may cause dystocia. Dystocia accompanying metabolic disturbances, veterinarian's interventions and other negative factors during calving can act as an additional stressor and can increase the levels of cortisol and immune suppression in cows (Civelek et al. 2008; Beagley et al. 2010) . Thus immune-suppression and hypomotility of the uterus may be dangerous for normal parturition, expulsion of the foetus and normal separation and rejection of placenta in cows (Joosten and Hensen 1992; Miyoishi et al. 2002; Esposito et al. 2014) .
When analyzing the results of a more detailed scientific study during the transition period in cows with immune suppression, the proliferation of leukocytes was found to be severely depressed (Trevisi et al. 2012) . Moreover, the important functions of leukocytes such as the ability to aggregate and phagocytosis of neutrophils, cytotoxic activity of lymphocytes, as well as production of chemotactic cytokines (interleukin IL-8) activating these leukocytes, are reduced during this period (Kimura et al. 1999) . The cited authors showed that in the immunological mechanism of retained placenta (RP) there is an important role for the chemotactic factor IL-8 of leukocytes, which are found in the placentomes of cows with normal placental separation but are absent in placentomes of cows with retention of foetal membranes. In addition, blood leukocytes, especially neutrophils of cows with RP, are less reactive to chemotactic stimuli than in cows with normal placental rejection. In another research, Kimura et al. (2002) observed the plasma IL-8 concentration to be lower in cows with RP (mean 51 pg/ml) than in cows expelling the placenta at term (mean 134 pg/ml). Thus, depressed neutrophil function is a major reason for development of RP in dairy cows. Under these unfavourable conditions, the normal efficient maternal immune response and expulsion of foetal membranes in cows is impaired, resulting in their retention (Kimura et al. 2003) . Moreover, the cited authors suggested that depressed production of chemotactic cytokine IL-8 may be an important factor affecting neutrophil functions in the development of placental retention in cows. The ability of neutrophils to recognize foetal (foreign -trophoblast) cotyledon tissue was measured with the use of chemotaxis assay as well as neutrophil killing ability, which was estimated by determining myeloperoxidase activity. Neutrophil myeloperoxidase was reduced in periparturient cows, especially during subclinical or clinical milk fever (Kimura et al. 1999; Kimura et al 2006) . In cows with RP, decreased phagocytic activity of macrophages was also noted by Miyoshi et al. (2002) . Results of cited studies indicate that there are major functional differences in placental neutrophils and macrophages between normally calving cows and cows with the retention of foetal membranes.
Current knowledge shows that the pathogenesis of placental retention in high-yielding cows depends of their efficient immunity. During normal calving with normal time for the expulsion of placenta (less than 12-24 h, usually determined in practice up to 12 h after birth of foetus), maternal immunological recognition of foetal antigens (major histocompatibility complex -MHC class I proteins) expressed by trophoblast cells triggers an immune-inflammatory response which leads to effective separation and rejection of the foetal membranes with their foetal part as a foreign tissue, similar to the effects of anallogeneic transplant (Davies et al. 2004; . During periparturient stress, cortisol decreases the ability of expression of MHC class I molecules and the production of prostaglandins and prostacyclins, which has been observed in cows with RP (Horta et al. 1986; Hill et al. 2002) . Also the anatomical cotyledonary and synepitheliochorial structure of the placenta as well as its degree of maturity during parturition or abortion may have a major influence on the incidence of RP in cows (Schlafer et al. 2000; Martins et al. 2004; Peter 2013) . Placental maturation with the occurrence of adequate number of trophoblastic binucleate cells which can migrate and fuse with endometrial epithelial cells forming trinucleate hybrid cells as a foeto-maternal syncytium shortly before calving is especially important for the immunological recognition and rejection of foetal membranes (Wooding 1992; Schlafer et al. 2000; McNaughton and Murray 2009) . The foetal trophoblast MHC class I peptides originating from destructed trophoblast cells during calving or abortion should be adequately (numerically and functionally) represented for the maternal immunity system and they should effectively provoke an attack by the maternal cytotoxic T-lymphocytes, monocytes, macrophages, phagocytic neutrophils and other leukocytes Davies et al. (2006) . Activated leukocytes with the use of their cytokines cause a typical immune-inflammatory reaction on allogeneic trophoblast tissue, relative to the degree of maturity of the placenta, and also to the level of maternal immunity in cows (Saito 2001; Price et al. 2015; Jahan et al. 2015) . More aspects of discussed topics involving immunological mechanisms with cytokine regulations, which may act during the periparturient period in relation to RP has been also reviewed lately Mordak and Stewart (2015) .
Diagnostics of metabolic and mineral conditions in periparturient cows
In herds of high yielding cows which are at low risk of infectious diseases, the most important pathogenic factor causing RP during parturition is immune suppression caused by metabolic disorders. These metabolic conditions and health effects are adequately connected with high milk production in cows (Goff 2008) . In cases with few metabolic and immune problems, the clinical cases of RP are observed in a low percent of cows in the herd. However, in cases where the level of immune-suppression is higher, RP is often observed in above 10% cows in the herd. In the European Union, the incidence of RP is noted in around 10% dairy cows (Suthar et al. 2013) and it is usually the third most important health problem on farms following mastitis and lameness. The incidence of RP in dairy cows can also be a marker of metabolism efficiency around the time of parturition in the herd, where the problem of infectious diseases involving reproductive tract is not present. Almost all high-yielding cows experience some degree of reduced feed intake, negative energy balance, insulin resistance, hypocalcaemia and reduced immune function during the transition period. The various methods of clinical monitoring of health involving the level of milk production, feed intake, body condition scoring, reproductive health indicators, percentage of cases of RP in the herd as well as different laboratory tests of blood and other samples, should be performed before and after calving in dairy cows (LeBlanc 2013) . According to the quoted author the monitored prepartum increase in serum concentration of non-esterified fatty acids (NEFA) above 0.4 mmol/l in 7-10 days before expected calving is associated with an increased risk of RP and other postpartum health problems in cows. Other research showed that in highly productive cows with precalving serum NEFA concentration above 0.3 mmol/l, RP was to be twice as likely observed (odds ratio = 1.8) in comparison to cows with a more balanced indicator (Chapinal et al. 2011) . Diagnostic systemic laboratory monitoring of blood or milk ought to be performed in the representative group of cows (around 10% animals or not less than 7 samples from adequate technological groups of cows: usually a week before, a week after parturition, and during the later lactation period (Whitaker et al. 2005; Nordlund 2005; Wathers 2010) . Different metabolic and mineral disorders may be observed before and during calving as risk factors of RP in highly productive dairy cows (Trevisi et al. 2008 ). In cows with RP, disturbances to liver functions have also been diagnosed (Semacan 2005) . Thus, cows at risk of RP of metabolic origin can be diagnosed with the use of various biochemical properties of the blood, such as increased levels of hepatic enzymes, lipid metabolites such as NEFA, beta-hydroxybutyrates (BHB), cholesterol, or decreased concentrations of minerals, mainly calcium, magnesium, vitamins A, E, total antioxidants as well as paraoxonase (PON) which as a liver protein released to the blood stream may be a marker of the liver function, indicating chronic damage by decreased value (Bionaz et al. 2007 ). The mean PON value of 66.4 U/ml measured by the cited authors in cows at and after calving was drastically decreased in chronic liver damage and was negatively correlated with serum acute phase protein -haptoglobin (Hp). Not only hypocalcaemia with a calcium serum concentration lower than 2.2 mmol/l is often observed in cows with RP, but also other decreased minerals such as serum phosphorus and zinc concentration, increased aspartate transaminase (AST), gamma-glutamyl transferase (GGT) activity with accompanied neutropaenia were noted in these animals (Moretti et al. 2015) . The cited authors suggest that neutropaenia seems to be an important co-factor connected with the pathogenesis of RP in dairy cows. Also shortage of other minerals and trace elements may cause serious disturbances of the internal homeostasis in cows (Spolders 2007) . Whitaker et al. (2005) presented normal blood serum metabolic and mineral ranges in cows as follows: BHB (0.6-1 mmol/l), NEFA (0.5-0.7 mmol/l), glucose (3-4 mmol/l), urea N (1.7-7.0 mmol/l), albumins (30-49 g/l), magnesium (> 0.7 mmol/l), phosphorus (> 1.3 mmol/l). Typical blood serum ranges for other important indices, such as calcium (2.4-3.0 mmol/l, AST (68-100 mmol/l), GGT (22-64 U/l), total cholesterol (1.8-5.2 mmol/l), triglicerydes (0.1-0.2 mmol/l), vitamin A (30 ng/dl), vitamin E (7-21 μmol/l), vitamin D (80 ng/dl), vitamin B12 (35 ng/dl), vitamin C (120 ng/dl) may be helpful during potential biochemical blood metabolic monitoring in dairy cows in terms of RP (Winnicka 2011) . The above mentioned indices and other more important biochemical properties of the blood serum and their physiological ranges in cows are presented in Table 1 . In particular, vitamin E allows for the production of adequate amounts peroxides and cytokines (interleukin IL-1) by neutrophils, while copper is essential for normal phagocytosis (Spears and Weiss 2008) . The values of presented blood properties are directly associated with metabolic functions in dairy cows, the level of milk production, fertility and quality of the course of calving.
The oxidative stress and its immune-suppressive consequences also in relation to RP are caused not only by deficiency of vitamins E and A, but also by a lack of micro-or macro-elements such as selenium, zinc, copper, and chromium in diet (Kendall and Bone 2006) . The cited authors presented normal limits for the most important trace elements in serum (S) or in full blood (FB): selenium (> 110 μg/l FB), zinc (80-120 μg/dl FB), manganese (5-6 μg/l FB), copper (9.2 μmol/l S), iodine (3-6 μg/l S), molybdenum (>1.1 μmol/l S), iron (25-35 μmol/l S), cobalt (0.38-1.85 μmol/l S). Vitamins and minerals play an important role in stress and immunity, and they are also important for rejection of foetal membranes during calving.
The clinical consequences of RP in cows are often serious, requiring systemic diagnostic clinical examinations as well as laboratory tests for reproductive tract infections (deBoer et al. 2014) . Hysteroscopy in cows during or after RP can be a good diagnostic tool in veterinary practice (Mordak et al. 2008) . Retained placenta in cows is a very serious health problem that occurs in the last (third) phase of parturition. It has a significant negative influence on post parturient health, welfare, milk productivity, and further reproduction in the postpartum period, causing high losses (Laven and Peters 1996) . There are important relationships between metabolic disorders, inflammation, immune function, RP and further consequences such as a reproductive tract disease, metritis, endometritis, infertility, and other complications (Sheldon et al. 2006; Wathers 2010; LeBlanc 2012) . In such cases, it is helpful to measure acute phase proteins (APP), but even more important in bovine practice are haptoglobin (Hb) limit 0.0-0.1 g/l), fibrinogen (Fb 3-7 g/l) and amyloid A (SAA limit < 0.005 g/l) tested in blood serum. In cows with RP on the third day after expulsion of the foetus, not only acute puerperal metritis but also an increased level of serum Hp was noted, which reached nearly 3 g/l in one third of cases of RP (mean 2.48 g/l) (Mordak 2008 (Mordak , 2009 . Haptoglobin may be a non-specific but important marker for monitoring the calving time. In normal conditions, its serum blood levels were observed 243 at around 0.5-0.7 g/l (Trevisi et al. 2012) . In other studies, the periparturient metabolic stress indicated by elevated BHB (≥1.2 mmol/l) at 5 days in milk (5 DIM) was associated with elevated serum haptoglobin (2.39-2.87 g/l), but in contrast, elevated NEFA (≥ 0.6 mmol/l) at 2 DIM was not a risk factor for elevated Hp (Pohl et al. 2015) . Moreover, in primiparous cows a higher median of serum haptoglobin concentration (2.49 g/l) was observed than in multiparous cows (1.4 g/l) at 5 DIM. The diagnostic monitoring of blood in cows may be performed periodically, but it may be late in relation to manifested clinical signs and occurrence of different nutritional health problems in the periparturient period as well as RP. Modern management in bovine practice requires constant daily clinical and laboratory monitoring of the health and metabolism in dairy cows especially with the use of new diagnostic methods involving also laser techniques Vis/NIS -Visible Near Infrared Spectroscopy for milk (Aernouts et al. 2011; Banias and Hebrinek 2013) .
Directions for nutritional and other corrective actions
The prevention of metabolic disorders in cows involves all the methods that farmers can use to eliminate and minimize potential metabolic cases of RP. A balanced diet with adequate amounts of energy, proteins and minerals, antioxidants and peNDF in the dry period is most important for optimum welfare, health, and immune status in dairy cows (LeBlanc et al. 2004; Goof 2006) . Also nutritional prophylaxis during the periparturient period as well as clinical and laboratory monitoring of dairy cows has a fundamental role in herds Illek et al 2010; Moretti et al. 2015) . Energy imbalances should be corrected because they have a very negative influence on the course of the periparturient period and its immunity Rabelo et al. (2005) . Energy deficiency in the diet before calving can lead to decreased serum concentration of glucose and insulin concentrations and as a consequence to lipolysis of body fat, increased serum NEFA concentration, increased hepatic supply of fatty acids, their esterification and elevated, even several times higher, pathological deposition in the form of triglycerides (TG) in the liver, finally leading to fatty liver complex and ketosis. Reduction of the negative energy balance is fundamental in the prevention of fatty liver. This can be achieved by avoiding fatty cattle, unbalanced feeds and environmental stress (Waters 2010).
Cows should enter the dry period with a body condition score (BCS) around 3-3.5. Thin cows with the BCS around 2.5 can be fed additional energy during the dry period to increase condition. Over-conditioned cattle (BCS > 4.0) should not be restricted in feeding because this would promote fat mobilization from adipose tissue and elevate blood and liver TG. Prevention of fatty liver involves nutritional strategies for elimination or reduction of negative energy balance after calving and management with shortening the dry period length (Grummer 2008; LeBlanc 2013) . According to the cited authors, a higher concentration of energy in the cows' diet several weeks before calving may be provided by the addition of fat or more energetic feeds. Glucose or glucose precursors (propylene glycol) are effective in the prevention or treatment of this energetic imbalance because they may cause an insulin response. Insulin is an antilipolytic enzyme and decreases lipid mobilization from adipose tissue. Glucagon stimulates glycogenolysis, gluconeogenesis, and insulin production and is effective at reducing fatty liver. Choline or methionine which increase the hepatic secretion of very low density lipoproteins (VLDL) in the liver can be added to the diet as a metabolic protectants, reducing the NEFA serum level and liver accumulation of TG in the liver in periparturient cows (Kudrna et al. 2009; Cermakova et al. 2012) . Periparturient hypocalcaemia is also connected with metabolic processes because low calcium concentration inhibits the secretion of insulin, reducing the glucose supply of tissues (Lucy 2006) . Reduced glucose supply induces lipolysis, causing negative energy balance, metabolic stress, immune suppression and ketosis. Low concentration of glucose and calcium inside smooth muscle cells causes hypotony or atony of the reproductive and digestive tract. Adrenalin released at this time enhances the reduction of this smooth muscle contractility. Hypocalcaemia is often observed when cows excrete more calcium in milk than they receive from the diet and from their own bones. The serum calcium limit depends on other factors such as adequate levels of the parathyroid hormone (PTH) produced by the parathyroid gland (under the control of serum calcium activity) and vitamin D3 (Kimura et al. 2006) . Because cows with RP often have lower serum levels of calcium, magnesium and other elements in comparison to healthy cows, they should receive adequate supplementation in diet (Mee 2004) . Vitamins and other trace elements should be assessed under diagnostic measurement with the use of blood profiles. For reduction of oxidative stress and its immune-suppressive consequences, vitamins E and A, and microor macro-elements such as selenium, zinc, copper, and chromium should be supplemented (Spolders 2007) . Because diagnostics of the blood concentrations of vitamins and trace elements is very difficult and relatively expensive in bovine practice, different strategies for oral or intramuscular supplementation are often used (Abdelhameed et al. 2009 ). The following detailed daily dietary requirements in cows for copper 8-12 mg/kg selenium 0.3 mg/kg, zinc 40-45 mg/kg, manganese 20-25 mg/kg, iron 50 mg/kg, iodine 0.5-0.8 mg/kg, molybdenum 0.5-1.0 mg/kg, cobalt 0.07-0.1 mg/kg in dry matter were presented in the study by Kendal and Bone (2006) .
For the nutritional support of immune functions in cows and other ruminants, probiotics or prebiotics with the use of the cultures Enterococcus faecium or Saccharomyces cerevisiae were used with positive clinical results (Emmanuel et al. 2006; Milewski and Sobiech 2009; Milewski et al. 2010) . These cultures as a diet supplement stimulate the local and general immunity by immune modulation of the digestive tract mucosal immune system and mucosal associated lymphatic tissue Apart from the nutritional management and strategy on problematic dairy farms, other methods of RP prevention are used, such as improving animal hygiene during calving, reducing stress, infections, idiopathic factors, as well as veterinary support of the parturition by the use of prostaglandin PGF2α or oxytocin (Laven 1998; Abdelhameed et al. 2009 ). Lysozyme dimer -immune modulator was shown beneficial in cows in relation to RP when given several days before calving (Dembiński and Bronicki 1999) or when administered immediately after expulsion of the foetus during calving (Mordak 2011) . Lysozyme dimer acts as a symptomatic drug and it does not eliminate the primary causes of RP in cows, however, this drug is beneficial to support the immune rejection of foetal membranes, activating the proliferation of different types of leukocytes such as neutrophils and lymphocytes, and the production of important cytokines that are suppressed by cortisol during stress (Kiczka 1994) .
Symptomatic prophylaxis of RP caused by metabolic stress in dairy cows may be implemented during parturition not only with the use of immune modulators, but also by the use of beta-adrenergic blockers, which can reduce the effect of adrenalin. Beta blockers can be used in cows to protect the uterus from atony or hypotony caused by increased production of adrenalin due to stress, but they may be ineffective during severe hypocalcaemia, because a lack of calcium in the uterine smooth muscles make it impossible for these muscles to contract. Maintaining normal uterine motility during parturition with the use of the beta blocker propranolol was shown to be effective for the prevention of RP (Mordak 1991) . Other beta-adrenergic blocking agent such as carazolol was shown to be effective for prevention and therapy of RP as well as during the therapy of postpartum metritis and delayed uterine involution, especially also given in combination with other drugs such as PGF2α and antibiotics (Bademkiran and Kaya 2006) . Health management of the periparturient period in relation to milk production, reproduction of dairy cows as well as metabolic disorders (negative energy balance, ketosis or hypocalcaemia) and depressed immune functions are essential on modern farms (LeBlanc 2010 (LeBlanc , 2013 .
